Background-Cardiovascular risk estimation by novel biomarkers needs assessment in disease-free population cohorts, followed up for incident cardiovascular events, assaying the serum and plasma archived at baseline. We report results from 2 cohorts in such a continuing study. Methods and Results-Thirty novel biomarkers from different pathophysiological pathways were evaluated in 7915 men and women of the FINRISK97 population cohort with 538 incident cardiovascular events at 10 years (fatal or nonfatal coronary or stroke events), from which a biomarker score was developed and then validated in the 2551 men of the Belfast Prospective Epidemiological Study of Myocardial Infarction (PRIME) cohort (260 events). No single biomarker consistently improved risk estimation in FINRISK97 men and FINRISK97 women and the Belfast PRIME Men cohort after allowing for confounding factors; however, the strongest associations (with hazard ratio per SD in FINRISK97 men) were found for N-terminal pro-brain natriuretic peptide (1.23), C-reactive protein (1.23), B-type natriuretic peptide (1.19), and sensitive troponin I (1.18). A biomarker score was developed from the FINRISK97 cohort with the use of regression coefficients and lasso methods, with selection of troponin I, C-reactive protein, and N-terminal pro-brain natriuretic peptide. Adding this score to a conventional risk factor model in the Belfast PRIME Men cohort validated it by improved c-statistics (Pϭ0.004) and integrated discrimination (PϽ0.0001) and led to significant reclassification of individuals into risk categories (Pϭ0.0008).
tide (NT-proBNP) have most consistently improved risk estimates in specific populations. 8 -10 Nevertheless, it remains unclear whether inclusion of any individual biomarker in a model based on classic risk factors results in more accurate risk assessment across different populations and whether any modification in risk estimation warrants a change in treatment.
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Simultaneous assessment of multiple biomarkers may add clinically useful information. 11, 12 As yet, no study has explored the possibility of refining cardiovascular risk estimation with the use of an extensive set of novel biomarkers assessed in large prospective studies in different countries. Thus far, on the basis of 2 large-scale studies of initially healthy individuals, the Reynolds Risk Score was developed, indicating that the addition of C-reactive protein and parental history significantly improves global cardiovascular risk prediction. 13, 14 To address the issue of multiple biomarkers, we evaluated the incremental value of 30 biomarkers reflecting most known pathways for CVD compared with more readily available simple risk factors for cardiovascular risk estimation in 10 466 individuals, with 798 incident CVD events, enrolled in 2 European cohorts. We derived a simple biomarker score in the FINRISK97 study and validated its power for cardiovascular risk assessment in the Northern Irish Belfast Prospective Epidemiological Study of Myocardial Infarction (PRIME) Men cohort.
Methods

MORGAM Study Population
The multinational MONICA, Risk, Genetics, Archiving, and Monograph (MORGAM) (http://www.ktl.fi/morgam) project was initially established to develop cardiovascular risk scores based on classic risk factors and to determine whether genetic variability or biomarker assessment could improve on them. An overall summary of the project's objectives and detailed descriptions of the cohorts have been published elsewhere. 15, 16 The MORGAM Biomarker Study includes all MORGAM Participating Centers with blood samples for biomarker assessment. The main end point is the first occurrence of a major cardiovascular event during follow-up, which includes the first fatal or nonfatal definite or possible myocardial infarction or coronary death, unstable angina, cardiac revascularization, ischemic stroke, and unclassifiable death. Details of the event classification are provided in Table I in the online-only Data Supplement and in Reference 16.
Cohort Description of FINRISK97 and Belfast PRIME Men
FINRISK97 Cohort
The design of the FINRISK97 study is described elsewhere. 17 Briefly, the population sample, examined in 1997, included people aged 25 to 74 years. The survey included a self-administered questionnaire and measurements of height, weight, and blood pressure. A venous blood specimen was taken to determine serum total cholesterol, triglycerides, and high-density lipoprotein (HDL) cholesterol. Serum and plasma samples were stored for the analysis of biomarkers at Ϫ70°C. Follow-up to the end of 2007 was performed with the use of record linkage of the FINRISK data with 3 data sources: (1) FINAMI myocardial infarction register, 18 (2) National Hospital Discharge Register, and (3) National Causes of Death Register. The latter 2 are countrywide, computerized registers that cover all hospitalizations and deaths in Finland. The cardiovascular diagnoses in these registers have been validated recently. 19 
Belfast PRIME Men Cohort
The design of the PRIME Men trial is described elsewhere. 20 Briefly, PRIME Men is a population-based prospective study of coronary events. During the 1991-1994 recruitment period, men aged 50 to 59 years were examined in Belfast. The entry examination included standardized questionnaires, measurement of weight, height, and blood pressure, and blood sampling for lipid measurements. Serum and plasma samples for the analysis of biomarkers were stored at Ϫ80°C.
During the 10-year follow-up, subjects were contacted annually by letter and, if necessary, by telephone, and a clinical event questionnaire was completed. For all possible events, clinical information was sought directly from hospital or general practitioners' notes. All details of ECGs, hospital admissions, enzymes, surgical operations, angioplasties, and treatment were collected, and death certificates were obtained for supporting information on cause of death. The events were classified according to standard criteria. 21 After 10 years, follow-up was achieved in Ͼ98% of the cohort.
For the present analyses, we excluded participants with a history of major CVD such as myocardial infarction, hospitalized unstable angina, coronary artery bypass grafting, percutaneous transluminal coronary angioplasty, or ischemic or hemorrhagic stroke. In FINRISK, we checked the National Hospital Discharge Register for earlier events and used either documented or self-reported history of a major cardiovascular event as an exclusion criterion. In Belfast, selfreported history was used. Details of the FINRISK97 and Belfast PRIME Men cohorts, as well as an assessment of the quality of the data, have been published elsewhere. 16, 21 In both studies, approval from the local research ethics committee was obtained, and all subjects gave written informed consent.
Laboratory Analysis
We selected 30 biomarkers representing lipid metabolism, inflammation, hemodynamic physiology, vascular function, oxidative stress, coagulation, renal function, angiogenesis, and myocardial necrosis ( Figure 1 ). All biomarkers were measured in the MORGAM Mainz Biomarker Laboratory. For detailed analytical description, including the assay type, the material used (EDTA plasma or serum), and intra-assay and interassay coefficients of variation, see Table II in the online-only Data Supplement. Here, we present the details of the 4 analytes of interest for deriving a biomarker score: C-reactive protein was determined by latex immunoassay CRP16 (Abbott, Architect c8000), with intra-assay and interassay coefficients of variation of 0.93 and 0.83. NT-proBNP was determined by the electrochemiluminescence sandwich immunoassay ECLIA (Roche Diagnostics, Elecsys 2010), with intra-assay and interassay coefficients of variation of 2.58 and 1.38. BNP was determined by the chemiluminescent microparticle immunoassay CMIA (Abbott, Architect i2000), with intra-assay and interassay coefficients of variation of 2.11 and 4.28. For troponin I (STAT Troponin I immunoassay, Abbott Diagnostics), the detection range is 0 to 50 ng/mL, and the 10% coefficient of variation is 0.032 ng/mL, which is below the 99th percentile in the FINRISK population at 0.035 ng/mL and thus fulfills the criteria of a contemporary sensitive troponin assay. The intra-assay and interassay coefficients of variation were 2.36 and 4.80. All coefficients of variation had been obtained in the Mainz MORGAM Biomarker Laboratory. Additionally, serum lipids were measured in Helsinki and Lille, with external quality control by the World Health Organization Regional Lipid Reference Center in Prague. 22 All biochemical analyses were performed with the investigators blinded to patient status.
Statistical Analysis
The analysis comprised 3 stages. The first was an assessment of the associations between the single biomarkers and study end points; the second was an assessment of the discriminatory ability of single biomarkers in risk prediction models; and the third involved the derivation of a multiple biomarker score and its validation. In the first 2 stages, the assessment was undertaken primarily in the male cohort of FINRISK, and it was replicated in the FINRISK women and the men of the Belfast PRIME cohort. In the third stage, the derivation of the score was based on the FINRISK male cohort, and it was validated in the Belfast PRIME Men cohort.
In all statistical analyses, missing biomarker data were handled with the use of multiple imputation. 23 Details of missing biomarker measurements are provided in Table III in the online-only Data Supplement. Outcome information was included in the imputation model to avoid attenuation of estimated effects in later analyses. 24 Imputation was performed with the use of WinBUGS software. Some biomarkers included measurements above or below the detection limits, and, in these cases, we used the detection limits in place of the undetectable values. In all time-to-event models, we used cubic root transformation for biomarker distributions with skewness Ͼ2. The transformed variables are indicated in Table IV in the online-only Data Supplement. For multivariate model selection, we applied lasso penalized regression, with the penalty parameter selected by 10-fold cross-validation. 25 Time-to-event models were fitted with the use of the "survival" package of R statistical software, and lasso model selection was performed with the use of the "penalized" package of R. 26 The aim in model building was the prediction of 10-year absolute risk. When prediction models derived from the same data were compared, effects of overfitting were avoided by calculating the predicted risks with the use of 10-fold cross-validation. The discriminative ability of the models was tested with the use of c-index improvement, integrated discrimination improvement (IDI) statistics, and net reclassification improvement (NRI), 27 the latter according to recently suggested risk limits indicating the relevant strata of 0% to Ͻ5%, 5% to Ͻ10%, 10% to Ͻ20%, and Ն20% for 10-year risk. 28, 29 Model calibration was tested with the Hosmer-Lemeshow test with 10 risk groups. To assess the sensitivity of the results on the used imputation model, analysis with the use of only subjects with complete information on biomarkers was also performed. This did not change the conclusions. For a more detailed statistical description, see Methods in the online-only Data Supplement.
Results
Baseline Characteristics and Classic Risk Factors
After the exclusion of individuals with prevalent CVD, 3870 men and 4045 women were available for analysis from the FINRISK97 cohort and 2551 men from the Belfast PRIME Men cohort. Baseline characteristics and the median concentration of all biomarkers determined are shown in Table 1 . Levels of several markers within the respective biological system were highly correlated ( Table V in the online-only Data Supplement). During the follow-up, 376 men and 162 women experienced an incident fatal or nonfatal cardiovascular event in the FINRISK97 cohort and 260 in the Belfast PRIME Men cohort.
Association of Single Biomarkers With Incident Cardiovascular Events
To assess the independent association between each biomarker and future cardiovascular events, we built a series of Cox regression models ( Figure 2 and Table IV in the online-only Data Supplement). A number of variables were independently associated with future cardiovascular events in FINRISK97 men, with PϽ10 Ϫ3 after we accounted for area, age, and classic risk factors including body mass index, smoking, systolic blood pressure, history of diabetes mellitus, non-HDL cholesterol, HDL cholesterol, and cardiovascular drugs. The hazard ratios (HRs) per 1-SD increment were as follows: NT-proBNP, HRϭ1.23 (95% confidence interval, 1.14 to 1.34; Pϭ7.0ϫ10 Ϫ7 ); C-reactive protein, HRϭ1.23 (1.13 to 1.35; Pϭ5.8ϫ10 Ϫ6 ); troponin I, HRϭ1.18 (1.09 to 1.28; Pϭ7.9ϫ10 Ϫ5 ); D-dimer, HRϭ1.22 (1.10 to 1.34; Pϭ9.5ϫ 10 Ϫ5 ); BNP, HRϭ1.19 (1.09 to 1.31; Pϭ2.3ϫ10 Ϫ4 ). Associations for NT-proBNP, C-reactive protein, and troponin I were replicated in the PRIME Men cohort, and associations for NT-proBNP, C-reactive protein, and BNP were replicated in FINRISK97 women ( Figure 2 ).
Single Biomarkers for Cardiovascular Risk Estimation
We performed a series of analyses to explore the incremental effect of single biomarker variables when added to the prediction models including the classic risk factors. 
Discrimination
We computed the c-index associated with the risk-estimation model based on classic risk factors alone and compared it with the models based on a combination of the classic risk factors and each biomarker separately. Because of the wide age range, the basic model for the FINRISK97 male cohort already achieved high discrimination, with a c-index value of 0.817. Of those biomarkers strongly associated with future cardiovascular risk, only the addition of troponin I (0.821; Pϭ0.009) and D-dimer (0.821; Pϭ0.014) individually increased the c-index. However, these results were not replicated in the PRIME Men cohort. Overall, none of the single markers improved the c-statistics in all 3 cohorts simultaneously. By contrast, when the IDI was considered, only NT-proBNP achieved an improvement in model discrimination across all 3 cohorts. Detailed results of c-statistics and IDI are shown in Table 2 for the clinically relevant markers, and results of all markers are presented in Table VI in the online-only Data Supplement.
Reclassification
We assessed whether adding a biomarker to the model assigned an individual to a different risk category. Because of the wide age range of the FINRISK97 cohort, we attempted reclassification only for the Belfast PRIME Men cohort. The results are shown in Table VII in the online-only Data Supplement. Here, only NT-proBNP, C-reactive protein, leptin, and the apolipoprotein B100/apolipoprotein A-1 ratio improved net reclassification, with PϽ0.05.
Biomarker Score and Improvement in Cardiovascular Risk Estimation
Development of the Score
To assess whether the addition of multiple biomarkers to a basic model added any information for cardiovascular risk assessment, we derived a biomarker score using the data on FINRISK97 men. By Cox regression models on single biomarkers, the 3 strongest associations with biomarkers were for NT-proBNP (Pϭ7.0ϫ10 Ϫ7 ), C-reactive protein (Pϭ5.8ϫ10 Ϫ6 ), and troponin I (Pϭ7.9ϫ10 Ϫ5 ). The same selection of the best biomarkers was obtained with the use of the lasso technique in a multivariate Cox regression model including all markers: On a 1-SD increment scale, HRs were 1.13 for NT-proBNP, 1.12 for C-reactive protein, and 1.10 for troponin I. The independent effect of these markers on risk was due to the fact that they were only weakly correlated with one another and reflect different aspects of cardiovascular pathology. Because no additional marker improved discrimination in FINRISK97 men when added to a prediction model that included NT-proBNP, C-reactive protein, and troponin I, we selected a score consisting of these 3 markers. The biomarkers in the score were weighted by their respective regression coefficients in a Cox regression model that also included the classic risk factors, fitted in the FINRISK97 men. For details of score development, see Table VIII in the online-only Data Supplement.
Validation of the Score
Application of the biomarker score in the Belfast PRIME Men validation cohort improved risk estimation. First, the score, considered a continuous variable, was strongly associated with the risk of incident CVD events (HRϭ1.36; 95% confidence interval, 1.22 to 1.52; Pϭ1.4ϫ10 Ϫ8 ) ( Figure 2 ). Second, the probability of event-free survival differed significantly between thirds of the biomarker score ( Figure 3A ). Third, in prediction models that included age, classic risk factors, and treatment variables, the ability of the model to discriminate events from nonevents was significantly improved after inclusion of the biomarker score ( Figure 3B ). Fourth, the addition of the biomarker score assigned a significant proportion of the population to a different risk category ( Figure 3C ). The NRI was estimated at 0.11 (Pϭ0.0008), resulting from net 6% of cases classified up and net 5% of noncases classified down. If the 0% to 6% and 6% to 20% risk stratification classification was applied, the NRI was 7.3% (Pϭ0.006). Similarly, the improvements in IDI and c-index (from 0.67 to 0.70) were highly significant (PϽ0.0001 and Pϭ0.004, respectively). Finally, model calibration analyses did not show any significant deviation between predicted and observed risk ( Figure 3D ). Overall, these validation analyses suggest that the addition of the biomarker score that included C-reactive protein, NT-proBNP, and sensitive troponin I improved risk estimation and discrimination between incident cases and noncases.
Cut Point Analyses
To test applicable thresholds directly, we first explored data-derived optimal cutoff values in the FINRISK men on the basis of the IDI criterion. These were as follows: for CRP, 6.81 mg/L; for sensitive troponin I, 0.008 ng/mL; and for NT-proBNP, 187 pg/mL. These optimal cut points derived from the data were applied directly to the PRIME Men population. Table 3 describes HRs for the 3 single markers as well as the 3-marker score described above. We also experimented with a cutoff-based score, derived from FINRISK97 men and tested in the Belfast PRIME Men cohort. The prediction results with the threshold-based score were virtually identical to the results obtained for the score based on continuous variables: The c-index improved from 0.67 to 0.69 with the score (Pϭ0.006), NRI was 11% (PϽ0.0001), and IDI was highly significant (PϽ0.0001). The NRI of the 0% to 6% and 6% to 20% risk stratification was somewhat lower (7.3%; Pϭ0.006).
Discussion
We measured 30 novel cardiovascular biomarkers in 2 prospective European population-based studies including 10 466 subjects and found that several of these biomarkers were independently associated with incident cardiovascular events over 10 years of follow-up. Only NT-proBNP, C-reactive protein, and sensitive troponin I were consistently associated with cardiovascular events across studies in both men and women. However, adding any single biomarker separately to the established risk model did not improve risk estimation in all 3 cohorts. By contrast, incorporation of a composite biomarker score including the noninterdependent variables troponin I, C-reactive protein, and (NT-pro)BNP significantly improved risk assessment. This was assessed by model discrimination and calibration and significantly improved the classification of the subjects into risk categories in the validation cohort.
Our data agree with other population-based studies that have shown an association between various biomarkers and incident cardiovascular events but have failed to demonstrate improved cardiovascular risk prediction on the basis of single biomarker assessment. 30 -32 Interestingly, a recent article by Melander and coworkers 33 evaluated 6 novel biomarkers and found, consistent with our study, that C-reactive protein and N-terminal fragment of BNP were the best predictors of cardiovascular events. However, this study did not include troponin I and did not achieve a significant net reclassification improvement.
Each of the biomarkers included in our score reflects an important pathophysiological pathway in CVD, such as inflammation, disturbed hemodynamic function, and cardiac micronecrosis. These 3 analytes can be measured by robust, wellstandardized, reproducible immunoassays that are available at reasonable cost. In particular, the reliable detection of very low levels of troponin by the use of sensitive, robust tests now makes testing feasible in community settings. Importantly, these biomarkers are unrelated, and each is therefore contributing independently and additively to risk assessment. We selected the biomarkers using regression analyses to identify those with the strongest association with cardiovascular end points in the 2 separate cohorts. We also used lasso analyses to achieve both parsimony and a reduction in estimation variance, and both methods resulted in identical biomarker selection. Most importantly, however, we derived the biomarker score in a large prospective, community-based cohort and validated it in a separate cohort. In doing so, we demonstrated significantly improved measures of discrimination, calibration, and reclassification. If data-derived cut points had been used for the 3 single markers C-reactive protein, NT-proBNP, and sensitive troponin I as well as for establishing the score, prediction results of the score would have been virtually identical to those obtained from the continuous variables. This indicates robustness of model specification.
Why are our findings at variance with those reported from other community-based studies? 32 An obvious answer relates to the different biomarker combination. Inclusion of troponin I in the score substantially improves predictive ability. The importance of these measures has been postulated earlier. 34 However, the present investigation for the first time applies a contemporary sensitive troponin with a 10% coefficient of variation at the 99th population percentile. Further efforts are needed to apply highly sensitive tests in population-based studies. Furthermore, the validation cohort has a narrow age range of 50 to 59 years, and age often has the single largest effect among the discrimination criteria. In other cohorts, younger individuals or individuals with a wider age range have been examined. Another recent investigation suggested that in elderly men, with and without CVD, the simultaneous addition of markers of renal function and CVD improved risk estimation for total mortality. 12 However, these results were based on fatal events only, and the study combined elderly men with and without CVD. In contrast, the present data provide knowledge about the manner in which a robust biomarker combination can add information for cardiovascular risk stratification in population-based studies of initially healthy individuals. Based on the initial set of 30 biomarkers, our modified risk score has been derived in a large prospective, population-based study and validated in another cohort from a different European region that demonstrates some measure of generalizability.
Some limitations merit consideration. We measured all biomarkers from frozen samples, which may affect absolute risk estimates. We cannot address the question of whether a reduction of the biomarker score would result in reduction of the risk. Clearly, other novel biomarkers that we did not test might subsequently be found to improve the risk score. Thresholds of biomarkers and their variation over time need to be validated. In particular, the future use of more sensitive troponin measures will require adaptation and validation of the threshold. Furthermore, we cannot ascertain whether preventive treatment decisions based on the new score would improve the outcome.
In conclusion, the addition of NT-proBNP, C-reactive protein, and troponin I to an established risk model improves 10-year risk estimation for nonfatal and fatal cardiovascular events in middle-aged European populations. Whether this will lead to improved treatment decision making needs to be tested prospectively. 
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CLINICAL PERSPECTIVE
We examined 30 novel biomarkers representing different pathophysiological pathways in 7915 men and women of the population-based FINRISK97 cohort with 538 incident cardiovascular events at 10 years of follow-up. We then developed a biomarker score from the best biomarkers and validated the score in the 2551 men of the Belfast Prospective Epidemiological Study of Myocardial Infarction (PRIME) cohort with 260 incident cardiovascular events at 10 years of follow-up. The strongest associations with the risk for future cardiovascular events in FINRISK97 were found for N-terminal pro-brain natriuretic peptide, C-reactive protein, brain natriuretic peptide, and sensitive troponin I. In addition to pathophysiological considerations, application of different statistical methods consistently resulted in selection of troponin I, C-reactive protein, and N-terminal pro-brain natriuretic peptide for the establishment of the biomarker score. Adding this score to the conventional risk factor model in Belfast PRIME Men led to additional prognostic information beyond that obtained from the classic risk factors. Furthermore, inclusion of the biomarker score into established risk models significantly reclassified cardiovascular risk estimates by 11% (Pϭ0.0008). This large prospective study in individuals without a history of major cardiovascular disease at baseline showed that the addition of a score consisting of 3 biomarkers to the conventional risk factor model improved the estimation of 10-year risk for serious cardiovascular events. Further validation is needed in other populations, ethnicities, and age groups.
This file includes:
• Methods supplement • Supplementary Table 1 : Classification of event types • Supplementary 
Methods
Imputation of missing data
With many biomarker variables, each having some amount of missing data due to sample unavailability or other reasons, using only complete cases would lead to notable loss of information in multivariate analyses. Furthermore, discarding the incomplete observations may cause bias if the availability of samples is related to the disease endpoints of interest. For these reasons we opted to use multiple imputation [1] to handle the missing data in all of our analyses. The imputation model included all biomarkers, classic risk factors and disease status at the start of the follow-up and at the end of the follow-up. Using the disease status in the imputation is important to avoid attenuation of the estimated effects [2] . This was especially important due to varying proportion of missing values in different markers (e.g. due to different availability of plasma/serum samples), as omitting the outcome would have resulted in more severe attenuation for markers with more missing values. The imputation model was a multinormal regression model where the biomarker variables were normalised using the formula , where Ф is the cumulative distribution function of the standard normal distribution. Imputation was carried out using WinBUGS software [3] . The imputed values from the multinormal model were transformed back to the original scale using inverses of the empirical cumulative distribution functions. Using this procedure we avoided the need to make parametric assumptions about the biomarker distributions at the imputation stage.
Adjustments to the data
Due to technical reasons, some biomarker measurements were below or above detections limits. In principle it would be possible to use multiple imputation also for the undetectable values. However, since the proportion of undetectable values was usually small, and because we wanted to avoid making parametric assumptions about the tails of the distributions, we opted to use the detection limits in place of the undetectable values. Because the FINRISK blood sampling was semi-fasting, the values for insulin and glucose for the FINRISK cohort were statistically adjusted for the length of the fasting period and the time of the day the sample was taken. Two notable outliers in the FINRISK data (a troponin value of 18.85 ng/mL and a glucose value of 0.09 mmol/L) were replaced with the next highest (lowest) value in the data.
Association analyses
Associations of single biomarkers and disease endpoints were investigated using Cox regression models adjusted for classic cardiovascular disease risk factors (HDL cholesterol, non-HDL cholesterol, BMI, systolic blood pressure, daily smoking, prevalent diabetes, and use of cholesterol and blood pressure medication). In all time-to-event models age was used as the time scale. Models for cardiovascular endpoints excluded the individuals with cardiovascular disease at baseline. In a population sample the distributions of many of the markers are very skewed to the right. To study the functional form of the associations, we experimented with different transformations and spline fits for the biomarker variables. In many cases root transformations resulted in a better fit in the proportional hazards model than normalising or logarithmic transformations. This seems natural since the distributions are limited to zero, and the latter transformations needlessly spread out the left tail of the distributions. We ended up using cubic root transformations for distributions with skewness > 2 while using the other markers on their original scale. For multivariate model selection we applied "lasso" penalized regression [4, 5] . This type of penalty sets some of the coefficients to exactly zero, thus acting as a variable selection. The penalty parameter was selected by maximising 10-fold cross validated profile likelihood. Time-to-event models were fitted using the "survival" package of R statistical software [6] . Lasso model selection was carried out using the "penalized" package of R.
Absolute risk estimation
The aim in model building was to compare 10-year absolute risks estimated by models with biomarkers included with a baseline model which included only classic risk factors. When comparing models derived from the same data, effects of overfitting were avoided by estimating the risks using 10-fold cross-validation. In this procedure, the data were randomly divided into ten groups and risk estimates for each group were calculated from a model estimated using the other nine groups. Because baseline hazard estimates derived using the Cox model may be unreliable at the boundaries of the data, absolute risks were estimated using a Weibull curve fitted over age, adjusting for the linear predictor estimated using the respective Cox model. Discriminative ability of the models was tested using c-index improvement [7] and the NRI and IDI test statistics (the former with 5, 10 and 20% risk limits) [8] . Model calibration was tested using the Hosmer-Lemeshov test with 10 risk groups. Reclassification and calibration statistics, as well as ROCcurves, were calculated following the Kaplan-Meier approach [9] , where censoring in time-to-event data is taken into account. In addition to prediction models where biomarkers were included as continuous variables, we also experimented with binary predictors based on optimal cutpoints derived using the IDI criterion. The optimal cutpoints were derived from the FINRISK data and applied to the PRIME Belfast data. Contexte-L'augmentation de la consommation de boissons enrichies en sucre (BES) a eu pour effet d'augmenter le risque de développement d'une obésité, d'un syndrome métabolique et d'un diabète de type 2. Toutefois, on ne connaît pas avec certitude les effets que l'ingestion de BES exerce sur la pression artérielle (PA). La présente étude a donc été entreprise afin d'identifier le lien existant, chez l'adulte, entre les modifications de la consommation de BES et celles de la PA. Méthodes et résultats-Cette enquête prospective a été menée chez 810 adultes qui participaient à l'étude PREMIER (une étude d'intervention d'une durée de 18 mois visant à modifier les comportements). Nous avons enregistré les chiffres tensionnels et les aliments ingérés (en recueillant les informations relatives à deux périodes de 24 h) à l'entrée dans l'étude, puis à 6 et 18 mois. Des modèles d'effets mixtes ont été utilisés pour estimer les modifications de la PA intervenues à la suite des changements apportés à la consommation de BES. A l'entrée dans l'étude, la consommation moyenne de BES était de 0,9 ± 1,0 boisson par jour (10,5 ± 11,9 onces liquides par jour, soit environ 310,50 ± 352 ml) et les chiffres moyens de PA systolique et diastolique de 134,9 ± 9,6 mmHg et 84,8 ± 4,2 mmHg. Après ajustement en fonction des éventuels facteurs de confusion, nous avons constaté que le fait de consommer une BES de moins chaque jour avait eu pour effet d'abaisser en 18 mois la PA systolique de 1,8 mmHg (intervalle de confiance [IC] à 95 % : 1,2 à 2,4) et la PA diastolique de 1,1 mmHg (IC à 95 % : 0,7 à 1,4). Après avoir pratiqué un ajustement supplémentaire pour tenir compte du changement de poids au cours de la même période, la réduction de l'ingestion de BES est demeurée significativement corrélée avec l'abaissement des chiffres tensionnels systolo-diastoliques (p <0,05). La réduction de la consommation de sucres a également été significativement associée à une diminution de la PA. Aucun lien n'a été mis en évidence entre la PA et la consommation de boissons hypocaloriques ou de caféine. Ces données suggèrent que les sucres pourraient être les nutriments contribuant à la relation observée entre l'ingestion de BES et la PA. Conclusions-Le fait pour un individu de diminuer sa consommation de BES et de sucres a significativement contribué à abaisser ses chiffres tensionnels. La réduction de l'ingestion de BES et de sucres pourrait donc être un important moyen diététique de diminuer la PA. 
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